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Inclusion and exclusion criteria and their rationale
This was a pragmatic trial involving young people who could be at significant risk of further self-harm. In deciding on inclusion and exclusion criteria we had to balance the need to be inclusive, in order to be as representative as we could of real-world practice, against the very real anxieties of local clinical services about randomising to interventions, young people at risk of further self-harm.
Our funder specified that the trial must include young people, aged 11-17, who had self-harmed at least once before this index presentation. In common with UK, European and Australasian practice, we defined self-harm as any form of intentional non-fatal self-poisoning or self-injury (including cutting, taking excess medication, hanging, self-strangulation, jumping from height, and running into traffic), regardless of suicidal intent; this includes the US definitions of non-suicidal self-injury (NSSI) and suicidal behaviour.
In addition, we specified that:
• The self-harm had to have led to referral to a CAMHS team (we did not have the resources to identify participants in the community); • Participants were living with a primary caregiver who was willing to take part in therapy (as we were evaluating a family-based intervention we needed to know that there was at least one other family member/ caregiver willing to be involved); • If the index episode was due solely to alcohol or recreational drugs, participants had explicitly stated that they intended self-harm; • It was the intention of the CAMHS team to offer their usual out-patient treatment -see exclusion criteria.
In considering exclusion criteria our concern was primarily to ensure participant safety and the integrity of the research process. Our exclusion criteria were:
• Serious suicide risk making outpatient treatment unsafe in the opinion of CAMHS clinicians. (Most young people who self-harm in the UK are assessed quickly by a CAMHS clinician and offered out-patient follow-up treatment. In a few cases where suicide risk is judged to be very high, local clinicians may make alternative treatment arrangements: in-patient admission, intensive outreach services etc. In such cases randomisation to TAU would not be possible as clinical judgement deemed other treatments urgently necessary); • The need for specialist CAMHS services (most UK CAMHS teams have specialist clinics for a few serious specific conditions, for example, early intervention in psychosis, eating disorders. In such cases randomisation to TAU would also not be possible as clinical judgement deemed other treatments necessary); • Current pregnancy (the need to attend ante and post-natal care was likely to interfere with the usual delivery of TAU or FT); • Current CAMHS treatment (it was considered unethical to potentially disrupt already ongoing treatment to randomise to a new treatment); • Sibling in trial or receiving family therapy (it was considered unethical to potentially disrupt already ongoing treatment to randomise to a new treatment); • Living in a children's home or short-term foster placement where changes of placement were likely, and it was therefore unlikely that a stable caregiver presence at FT would be possible). Participants were eligible if living in longer term foster care as long as other criteria were met; • Moderate to severe learning disability (if lacking capacity to comply with trial requirements of consent or of involvement in treatment); • Involved in conflicting research (it was considered unethical to involve a young person in a second possibly conflicting research project) • Insufficient proficiency in English to provide self-reported data (interpreters were available for therapy sessions in both arms of the trial. This exclusion criterion related only to inability to complete self-report data).
See Consort Diagram, Figure 1 in main paper. Additional data on reasons for exclusion are presented in Appendix Table 1 . 
Family therapy and TAU interventions
Therapeutic interventions for both arms of the trial were delivered within CAMHS, and all participants were treated within their local service. Family therapists were formally linked with specific CAMHS teams to ensure lines of clinical responsibility were clear. Appendix Table 2 sets out the broad therapeutic orientation of sessions delivered.
All therapists (FT and TAU) were able to exercise their clinical judgement and make referrals to colleagues where they deemed this was clinically necessary, for example, access to local child and adolescent psychiatrists if medication or hospitalisation needed to be considered, or to colleagues with different assessment and therapeutic skills if specialised assessments or alternative treatments for problems other than self-harm were required. Without this condition local services would not have consented to randomisation of high risk participants.
Family Therapy: The funder specified a family intervention. There are many schools of family therapy (FT), but much of the outcome literature focuses on more structural/ behavioural model 1 . In the UK, the predominant model of family therapy is less behavioural and integrates different approaches and models allowing greater clinical flexibility than is usually the case with more narrowly defined models. The authors had available an existing FT manual derived from detailed observations of actual practice, the development and validation of which was funded by the Medical Research Council (MRC) to support trials of FT 2 . As this was a pragmatic trial the authors wished to evaluate a form of FT that was widely practised in the UK, and so adapted this existing manual to have an additional, significant focus on self-harm and risk assessment. This step also had the advantage of making the trial more acceptable to local clinical services.
The theoretical approach of the manual (available online 3 ) allows for flexibility and integration of a broad range of conceptualizations from within the field of family therapy and other therapeutic approaches. It emphasizes the relational context of problems that families bring to therapy and that language, meaning, behaviour and emotions are all part of the change process. The manual permitted seeing the adolescent alone or in parallel sessions with a team member seeing the parents, and it encouraged the use of a reflecting team.
FT sessions lasted approximately 1¼ hours and were delivered over 6 months at approximately monthly intervals, though more frequently initially. The intention was to offer approximately 8 sessions according to clinical need. It was expected that some participants would receive fewer sessions due to drop-out or mutually agreed-upon termination of treatment. Equally, it was expected that some might receive more sessions (within the predefined 6-month period or extending beyond 6 months) where this was deemed clinically appropriate. Clinical data indicated that the average number of sessions offered in UK CAMHS clinics was around 6. Clinicians also told us that young people who had self-harmed were difficult to engage in longer-term treatment. As this was a pragmatic trial we designed an intervention that would be broadly equivalent in 'dose' (number of sessions) to TAU, and likely to be attended by participants and funded by the UK health care system. Delivering a more intensive intervention in real world settings would not have been feasible. Wherever possible, and where consent was provided, sessions were video-recorded as this is part of good family therapy practice and facilitates supervision. In addition, this procedure facilitated central review of a selection of sessions to monitor adherence to the manual.
Qualified Family Therapists (those eligible for registration with the UK Council for Psychotherapy, UKCP, the highest level of accreditation in the UK) were appointed specifically to work on the trial. Therapists recruited to the study were expected to be at a senior grade usually requiring a minimum of 3 years post-qualifying practice. They were therefore senior and experienced practitioners.
Family therapists worked in teams of 3, one interviewing and two observing the family, and provided trial FT as a team for a cluster of CAMH services. Before the start of the trial SHIFT family therapists attended two days of group training and conducted a supervised pilot case before being assessed as ready to treat trial participants. One FT interviewing and two FTs observing the family, were expected to be present for most sessions. Once the trial had started the two senior trial family therapists (PB & IE) conducted monthly two-hour group supervision with each team. If a family therapist left during the trial, replacement therapists received 1-to-1 training with a senior SHIFT supervisor (PB or IE), a period of observation of team members' therapy, and a 1-to-1 session with the supervisor. Therapist adherence to FT was ensured through training, use of the manual, regular peer supervision within each FT team, including videotape review, and regular external supervision. FT was monitored to ensure that the number and timing of sessions was as planned. With consent, sessions were video-recorded to facilitate supervision. A random sample of videotapes (at least two per therapist) were independently rated to measure adherence to the core elements of the manualised family therapy, using a structured rating scale 4 (scored 0-5 for adherence, 0-6 for competence; higher scores indicate greater adherence / competence).
Strength of therapeutic alliance was reported by the young person, caregiver and SHIFT family therapist at the participant's third treatment session using the SOFTA questionnaire in which higher scores (ranging 0 to 80) represent greater alliance. The young person and therapist reported similar overall levels of alliance whilst caregivers consistently reported the highest levels of alliance, with overall alliance 57.9 (95% CI 56.7, 59.2, n=274) for the young person, 57.5 (95% CI 56.5, 58.4, n=293) for the family therapist and 65.4 (95% CI 64.4, 66.4, n=279) for the caregiver.
Contamination:
The possibility of cross-arm contamination was considered during the design stage of the trial. Due to the nature of appointment scheduling, and the fact that this was family-specific therapy (that is, not a group intervention), there was little opportunity for participants to meet and discuss treatment, so contamination resulting from participant discussion was deemed very unlikely. In addition, SHIFT family therapists were prohibited from treating participants within the TAU arm for the duration of the trial. Any family-orientated clinical interventions in the TAU group were likely to be different from the trial FT intervention, which required adherence to the manual by fully-trained family therapists eligible for United Kingdom Council for Psychotherapy (UKCP) registration. SHIFT family therapists were also precluded from providing supervision to any TAU cases being seen within their own service. During the course of the study the SHIFT family therapy manual was embargoed.
Treatment as usual:
TAU was the care offered by local CAMHS teams to adolescents referred following selfharm. This treatment was expected to be diverse and involve individual and/or family-orientated work, delivered by a range of practitioners with various theoretical orientations. As SHIFT is a pragmatic trial involving a number of collaborating CAMHS teams, the specification of TAU was not deemed possible or appropriate, although it was expected that CAMHS practitioners would be working in line with best practice as set out in several National Institute for Health and Care Excellence (NICE) guidelines (for example, guidance on selfharm and depression in childhood. TAU thus involved a wide range of treatment techniques and modalities (such as supportive counselling or cognitive behaviour therapy) that were not delivered to the FT group as part of the clinical intervention. I Multiple imputation, assuming data were "Missing at Random", was used to account for missing questionnaire data 5 ; the complete case formed a sensitivity analysis. Using the Markov Chain Monte Carlo method, results from 33 imputations (according to 33% missing data across all time-points) were combined using Rubin's rules 6 . Missing values were imputed separately for each questionnaire, incorporating available scores at baseline, 12 and 18-months, covariates and treatment. g Multiple imputation, assuming data were "Missing at Random", was used to account for missing questionnaire data 5 ; the complete case formed a sensitivity analysis. Using the Markov Chain Monte Carlo method, results from 33 imputations (according to 33% missing data across all time-points) were combined using Rubin's rules 6 . Missing values were imputed separately for each questionnaire, incorporating available scores at baseline, 12 and 18-months, covariates and treatment.
Full young person and caregiver scores at baseline
Predictive and process measures a. Moderator analysis:
Covariates and responses to all baseline questionnaires were explored for moderation. A 5% significance level was used to identify moderation through the interaction of the potential moderator with treatment, irrespective of the main effect of the potential moderator. Analysis was of the ITT population to availability of data (complete case) for each proposed moderator. Proposed moderators included:
• Covariates: age (11-14, 15-17) , trust, referral from hospital (yes, no), baseline number of self-harm episodes (2, >2), type of index self-harm episode (self-poisoning, self-injury, combined), sex (male, female); 
b. Mediator analysis:
Mediator analysis included both Complier Average Causal Effect (CACE) analysis to model the causal effect of FT receipt on the primary outcome, and further mediation analysis to identify process variables and other potential mediators that influence engagement with and benefit from treatment.
b.1 Complier average causal effect analysis:
Methods and key results of the CACE analysis are presented in the main paper. Additional illustrations are presented in Supplementary Figure 1 presenting the time to selfharm in each arm by receipt of formal systemic family therapy, and by arm. TAU participants with missing treatment data had the highest overall self-harm rate with a primary outcome event reported in 15/45 (33.3%) participants. The lowest repetition rate was reported in 3/21 (14.3%) participants allocated to receive FT who attended no FT sessions although this also comprised the smallest group. The repetition rate in participants allocated to and who attended SHIFT Family Therapy was 29.2% (115/394), whilst for those in the TAU arm not attending Family Therapy, the repetition rate was lower at 24.6% (70/285). Furthermore, in participants allocated to TAU who attended Family Therapy as part of their usual care, the repetition rate was lower again at 20.7% (18/87). Considering attendance at Family Therapy sessions irrespective of randomisation, the repetition rate in those receiving at least one Family Therapy session was 27.7% (133/481), and 23.9% (73/306) in those who did not. 
b.2 Further mediation
Methods: Process variables explored as potential mediators included the overall number of sessions attended, the use of psychotropic medications and therapist characteristics. Questionnaire responses were also investigated but results are not presented here due to the significant proportion of missing data. The Baron and Kenny steps 7 were employed to explore mediation:
•
Step 1 -establish an effect of randomisation (X) on outcome (Y) that may be mediated •
Step 2 -establish that there is an effect of randomisation (X) on the mediator (M) •
Step 3 -establish that there is an effect of mediator (M) on outcome (Y) while controlling for randomisation (X) Following these steps, complete mediation is the case in which randomisation no longer affects the outcome (time to self-harm) after the mediator has been controlled. Partial mediation is the case in which the path from randomisation to time to self-harm is reduced in absolute size but is still different from zero when the mediator is introduced. Steps 1 and 3 were fitted using a Cox proportional hazards model adjusted for covariates. For the number of sessions, Step 2 was fitted using a linear regression model containing randomised treatment and covariates; for psychotropic medications and therapist characteristics, logistic regression was used containing randomised treatment and covariates apart from NHS trust (owing to lack of convergence).
Results: Overall, young people on a psychotropic medication during follow-up were more likely to self-harm than those who were not prescribed such drugs: 41 out of 104 (39.4%) young people on a medication engaged in self-harm, compared with 164 out of 670 (24.5%) not on medication (Supplementary Table 6 ). In the FT arm, rates of self-harm were higher in young people whose lead therapist had been working in CAMHS for 4 or more years than in those whose lead therapist had been working for less than 4 years, with repetition observed for 77 (27.8%) and 9 (20.9%) participants, respectively. Conversely, in the TAU arm, rates of self-harm were lower among participants seen by more experienced therapists than among those seen by less experienced therapists, with repetition observed for 24 (19.7%) and 12 (26.7%) participants, respectively. In both arms, participants who self-harmed attended more sessions overall (median 7 sessions) than those who did not (median 5 sessions). Following the Baron and Kenny steps, there was no evidence that any of the variables investigated formally mediated the effect of treatment on the time to self-harm, largely because of lack of evidence of a treatment effect (step 1) (Supplementary Table 7 ).
However, there was good evidence (step 2) of an association between randomised treatment and psychotropic medication use during follow-up (less medication in FT: OR 0.6; p = 0.016) and strong evidence (step 3) that the use of psychotropic medication was associated with an increased risk of self-harm (HR 2.10; p < 0.0001). There was, however, no evidence of a direct treatment effect despite the positive association with FT and the mediator (step 3).
There was weak evidence (step 2) of an association between randomised treatment and the number of sessions (fewer mean sessions in FT: -1.44; p = 0.064) and strong evidence (step 3) that the number of therapy sessions was associated with the risk of self-harm during follow-up (HR 1.02; p < 0.0001), with risk increasing with more sessions. When the number of sessions attended is accounted for, there is weak evidence of a direct treatment effect (step 3) with an increased risk of self-harm in FT (HR 1.29; p = 0.083).
There was strong evidence (step 2) of an association between treatment group and the length of experience of the lead therapist (more experienced in FT: OR 2.38; p=0.0003), but no evidence that length of experience was associated with the risk of self-harm (step 3).
For both the number of sessions attended and the use of psychotropic medication, although there is no strong evidence of a treatment effect in steps 1 or 3, the magnitude of the treatment coefficient increased in step 3 and the relationship between treatment, mediator, and self-harm outcome warrants further investigation Step 1
Step 2 /0 = , 1$ + , 1-.
Step 3 ! = ℎ $ (&)exp (, 3- a The effect of Rand is in reference to FT compared to TAU (TAU is the reference category). For psychotropic medications the reference category is 'No' hence the effect of the mediator is in relation to Yes: Young Person was on psychotropic medications during follow up; and for years spent working in CAMHS the reference category is less than 4 years hence the effect of the mediator is in relation to YP with a lead therapist working in CAMHS for 4 or more years.
Comparison of baseline scores with population data
To contextualise the baseline scores, there is good data on a UK population that 10% of children aged 5-15 years score above the clinical threshold on the SDQ (compared with 66.2% in our sample) 8 . For depression, most estimates from large epidemiological studies are between 2% and 10% depending on age and severity 9 . These studies tend to use diagnostic interviews. However, the CDRS was designed to correlate reasonably well with diagnostic interviews and in our sample, gave a prevalence of 65.7%. There are fewer population norms available for the FAD but in one study of adults with a range of different psychiatric diagnoses, only 26.1% of families in the control group scored above the clinical cut point, compared with 61.1-89.5% for families with a member with psychiatric disorder 10 . Our sample reported 84.7% above the cut point on the general functioning sub-scale of the FAD. *Include estimated costs after imputation -these figures were used in the cost-utility analyses.
Health Economics: Intervention costs
Health Economics: Monte Carlo simulation, model parameters
Health economic evaluation studies aim to assess health strategies in terms of their cost-effectiveness and inform public policies. While the within-trial analysis provides an evaluation of the cost-effectiveness restricted to the follow-up horizon of 18 months, the NHS is interested to understand the cost and the consequences between competing treatments beyond the trial follow-up. A longer time horizon will reflect all important differences in costs or consequences between FT and TAU. Decision analysis modelling is key in this context and consists in extrapolating the costs and the consequences using probabilities and assumptions based on the data collected in a trial and literature data extraction. Markov models are recursive (repetitive) decision trees that are used for modelling conditions that have events that may occur repeatedly over time.
The model (figure HE.1) included three possible health states: self-harm (SH) defined as self-harming at least once in a period of six months, no self-harming (noSH), and death. Markov models describe participant progression over time through a pathway of health states, with movement between the health states being triggered by events -in this case self-harm events or death. The model inputs were derived from the trial data. Specifically, the proportion of the participants beginning in each health state in the model was derived directly from the proportion of participants in the trial who remained in the SH state or moved to noSH. In the first cycle of the model, all participants started from SH in both arms and this was informed by the inclusion criteria for the trial. No participants died over the 18 months of trial follow-up but, to account for possible death, it was assumed that the probability of a participant moving from SH to death or from noSH to death was minimal and equal to 0.0001, regardless of the trial arm. Derivation of the post-18-month transition rates between the different states required extrapolation beyond the follow-up period of the trial.
Any intervention costs were assumed to occur equally over the first 12 months for each arm based on the trial data. Since, it was not possible to distinguish whether these costs were incurred only by those in the SH state, in the noSH state, or both, it was assumed to be the same for any of the states. Resource use and costs were associated with each health state and participants' accumulated costs and health benefits in each state over 6-month cycles. Participant cost and utility data were available at 6 months, 12 and 18 months from the trial data and were directly included into the model to estimate longer term costs and health benefits. Death was assumed to be associated with a zero utility and zero cost. The full list of the model parameters and distributions applied in the model is given in Table HE .3, with the chosen distributions being based on the observed variance data. 
